Introduction

Epidemiology of SCAD
Spontaneous coronary artery dissection (SCAD) is an infrequent and often missed diagnosis, especially in young females presenting with acute coronary syndrome (ACS). SCAD is defined as a spontaneous separation of the coronary artery wall that is not iatrogenic or related to trauma. Until recently, SCAD has been incorrectly believed to be a rare and challenging clinical condition, with an estimated prevalence ranging from 0.2% to 1.1% in angiographic series [1] . Vanzetto G et al reported that 23 (0.2 %) cases of SCAD were confirmed out of a cath-lab database of 11605 files [2] . The reasons why the incidence of SCAD has been largely underestimated are as follows: 1) initial presentation as sudden death; 2) underuse of coronary angiography (CAG) in young healthy females with chest pain; and 3) the well-known inherent limitations of CAG to detect disease of the coronary artery wall [1] . Currently, our understanding of this rare condition has been enriched by data from a large number of prospective and systematic studies [2] [3] [4] [5] [6] [7] . The prevalence of SCAD is high as a cause of ACS in younger females. Nakashima T et al reported that SCAD may be up to 35 % of ACS in females ≤ 50 years of age [7] . Elkayam U et al reported that SCAD is the most common cause of pregnancy-associated myocardial infarction (MI) (43 %) [5] . The average age of female with SCAD ranges from 45 to 53 years [8] . One study reported that men presented with SCAD at a slightly younger age than women (mean age 48.6±9.8 vs 52.3±9.2 years, p = 0.05) [9] . Although SCAD has been reported in all major racial and ethnic groups, the majority of patients are white. [4, 6, 8] In addition, the widespread use of new intracoronary imaging modalities, especially optical coherence tomography (OCT), in patients with a suspicion of SCAD with ambiguous angiographic features, has significantly enhanced our diagnostic accuracy. OCT can make a diagnosis of SCAD using similar criteria of pathology [10] [11] [12] [13] . In a systemic series to assess the value of OCT in SCAD by Alfonso F et al, OCT provides unique insights in patients with a suspicion of SCAD where angiography alone has limited diagnostic value [11] . An OCT study that systematically use OCT for all ACS patients (n = 326) reported that SCAD was observed in about 4.0% of ACS subjects [14] . We should pay attention to study cohorts and diagnostic tools when we discuss the prevalence of SCAD. (Table 1 ) SACD might not be a rare disease.
Etiology of SCAD
Classically, SCAD has been believed to be associated with several specific clinical conditions, including fibromuscular dysplasia (FMD); multiple pregnancy; peripartum and perimenopausal periods; use of oral contraceptives; heavy isometric exercise; systemic inflammation, including systemic lupus erythematosus, Crohn's disease, polyarteritis nodosa and sarcoidosis; and systemic connective tissue disorders, such as Ehlers-Danlos syndrome, Marfan syndrome and cystic medial necrosis [15, 16] . Recently, an intravascular ultrasound (IVUS) study proposed two mechanisms for the initiation of arterial dissection with SCAD [17] . One proposed mechanism is intimal tear and propagation of medial dissection. However, this mechanism might be clinically unimportant, and coronary angiography is notoriously suboptimal for visualizing intimal tears. IVUS, particularly OCT, has increased the detection of intimal rupture substantially without associated findings of SCAD [1] . Another possible mechanism is rupture of the vasa vasorum. The vasa vasorum is a network of small arterioles within the walls of arteries supplying blood to the walls and is closely associated with development of atherosclerosis [18] . When such rupture occurs, blood can pool within the intramural space, creating a false lumen filled with hematoma, namely, intramural hematoma (IMH). These morphologies seem to be consistent with previous pathological reports. Our OCT study also reported two types of SCAD, including dissection and intramural hematoma without intimal tear [14] .
Diagnostic tools for SCAD
Coronary angiography is widely available and is the first-line examination for patients presenting with ACS. Early case reports indicate that clinical diagnosis of SCAD relies on visualization of a radiolucent intimal flap on coronary angiography. However, coronary angiography has significant limitations in diagnosing SCAD because an angiogram cannot image the arterial wall. Notably, the diagnosis of SCAD would be missed by angiography alone [7, 17, 19, 20] . It has been previously reported in a large database that IVUS improves the detection of silent SCAD on angiography. However, it is not as widely available and is associated with additional risks and costs (Table 2) . Moreover, precise detection of the entry site of SCAD is generally challenging on IVUS as well as on angiography. [17] On the other hand, OCT outweighs the disadvantages on IVUS. OCT is a recently developed intravascular imaging modality that uses near-infrared light to create images. The greatest advantage of OCT is its high resolution (10-20 μm), which is 10 times higher than that of intravascular ultrasound (IVUS). OCT can discriminate three layers of the coronary artery wall, demonstrating the intima as the signal-rich layer nearest the lumen, the media as the signalpoor middle layer, and the adventitia as the signal-rich layer surrounding the signal-poor layer of the media. OCT allows a greater understanding of the pathophysiology of ACS and may have the potential to provide guidance for an appropriate patientspecific therapeutic approach [21] . In comparative studies of IVUS and OCT, OCT was shown to be more sensitive and accurate at detecting more characteristics of SCAD than IVUS, especially for identifying intimal tears and flaps [22] . OCT is able to readily visualize the double-lumen morphology characteristic of this entity and to identify the entry site, the circumferential and longitudinal extent of the disease, as well as the involvement of related side branches. The compromise of the true lumen and the distribution of the false lumen were also clearly visualized. OCT was especially of value in patients with suspicion of SCAD [11] [12] [13] 23] . (Figure 1) 
Management of SCAD
Unlike in the case of atherosclerotic coronary artery disease, no specific guideline has been established concerning the appropriate treatment of SCAD, which may include medical therapy, percutaneous coronary intervention (PCI), coronary artery bypass grafting (CABG) or the optimal type of stents in otherwise atheroma-free vessels. There have never been any randomized trials that compared medical therapies or revascularization strategies. Current recommendations on management are largely based on expert opinions from observational series ( Table 3) . Values are % or mean ± SD. ACS = acute coronary syndrome; IVUS = intravascular ultrasound; OCT = optical coherence tomography; PA = pregnancy-associated; Pts = patients; SCAD = spontaneous coronary artery dissection.
Reviews | 5
International Cardiovascular Forum Journal 14 (2018) DOI: 10.17987/icfj.v14i0.531
Generally, conservative treatment is preferred for stable patients without ongoing pain on the basis of expert opinions derived from observational data [1, [24] [25] [26] [27] . In the updated Vancouver cohort by Saw et al, 83% (232 of 280 patients) were treated conservatively, and subsequent revascularization in-hospital in this group was only 3.5% (2.9% PCI and 0.6% CABG) [23] .
In contrast, patients with ongoing chest pain, ischemia, ST elevation, or hemodynamic instability should be considered for PCI or CABG, especially when the dissection affects major arteries with sizable myocardial jeopardy.
Emergent CABG may be considered if the dissection involves the left main trunk [28] . PCI of dissected coronary arteries can be notoriously challenging. Several series revealed poor technical success with PCI for SCAD. In the Vancouver cohort of 168 patients, PCI was successful or partial successful in only 64% (57% had extension of dissections during PCI, 12% required urgent CABG, and 6% had stent thrombosis), with long-term durable results in only 30% [29] . These results are a consequence of multiple challenges with PCI, as follows. It may be difficult to advance the coronary guidewire into the distal true lumen. The IMH of a dissected segment can also propagate with angioplasty, further decreasing arterial blood flow and extending the dissection. The dissection often involves a distal coronary artery, which is too small for stent implantation. Even if the dissected artery is large, the dissection is often extensive, requiring long stents and thus increasing the risk of restenosis. Furthermore, IMH resorbs and heals in the chronic phase, resulting in late stent malapposition.
Unfortunately, this may increase the risk of very late stent thrombosis [30] . Therefore, when PCI is attempted, patient cardiovascular outcomes rely on stenting strategy. The additional resolution from OCT imaging allows confirmation of the coronary guidewire position before placement of stents and shows the distal exit of the dissection and the intimal flap clearly [31, 32] . Thus, OCT is more helpful to determine PCI strategy in SCAD.
Because OCT provides detailed information about the exact location of the entry site, some experts report a single stent strategy that seals the entry site, thereby avoiding mid-term instent re-stenosis possibly induced by implantation of multiple long stents. The ability of OCT to visualize microstructures in real time enables the procedure to be carried out precisely. [33] On the other hand, some experts recommend a strategy of longer stents. Even though the lesion is relatively focal, they recommend longer stents, which provide adequate coverage for both edges of the lesion. This strategy has the advantage of accommodating extension of the IMH proximally and distally when compressed by the stent. As well as the single stent strategy, OCT can ensure adequate stent coverage and wall apposition.
Additionally, for longer lesions, a multistep approach of stenting the distal edge, followed by the proximal edge, and then stenting the middle of the dissection, may be useful in preventing IMH propagation [34] . Moreover, there have also been recent successful case reports of using cutting balloons under OCT guidance, which fenestrate the IMH to allow decompression of the false lumen into true lumen. In one of the cases, a 2.5 mm Alfonso ( cutting balloon was dilated to 2 atm in the distal segment and 4 atm in the proximal segment. After ballooning, coronary flow was immediately restored to TIMI flow grade 3. OCT confirmed that the incisions on the dissected intima corresponded with the blade shape and that communications were successfully made between the false and true lumens [35] . In addition, considering frequent spontaneous healing of coronary dissection and a higher risk of complications with PCI in the setting of SCAD, bioresorbable vascular scaffolds (BVS) may offer more potential advantages over conventional stents. However, this state-of-theart approach should be discussed [36] .
Cardiovascular outcomes
The acute mortality rate in hospital was <5%, and in-hospital recurrent MI, need for urgent revascularization in conservatively managed patients, or other MACEs accounted for 5-10% [37] . Long-term recurrent SCAD rates after up to 5 years were reported at ~27% [4, 7, 16, 25, 38, 39] . Some reports stated that long-term MACE rates were 15% to 37% at 5 to 7 years [7, 16, 24, 26] . Coronary imaging could alter the prognosis of SCAD. In our recent study, the long-term outcome of OCT-guided PCI for SCAD has been revealed. The prognosis of OCT-guided PCI SCAD is comparable with those of PCI for atherosclerosis lesions. Further study is needed to establish the efficacy of OCTguided PCI for SCAD [38] .
Conclusions
Coronary angiography is unable to establish an accurate diagnosis of SCAD, even in patients with strong clinical suspicion.
OCT provides unique and specific insights on most relevant morphologic features of the condition, including entry tear, flap, double-lumen morphology, intramural hematoma, and associated thrombus. The ability of OCT to visualize microstructures in real time enables the procedure for SCAD to be carried out precisely, and that approach could improve the prognosis of SCAD.
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